TITLE OF THE INVENTION 

Thickness Measurement Apparatus of Thin Film Using Light 
Interference Method 
BACKGROUND OF THE INVENTION 
, Field of the Invention ; 

The present invention relates to a film thickness measurement 
apparatus of a thin film, and an electronic component fabrication 
apparatus including a film growth step. Particularly, the present 
invention relates to a thickness measurement apparatus measuring the 
thickness of various thin films formed on a substrate using the fight 
interference method, and an electronic component fabrication apparatus. 
Description of the Background Art 

^ In the fabrication of electronic components such as of semiconductor 
devices and fiquid crystal display devices, film growth technique such as 
plasma processing and sputtering is now widely used. By detecting 
various properties of a thin film formed by the film growth technique, 
various parameters for forming a thin film can be obtained. Also, various 
deficiencies during film growth can be promptly detected. 

The thickness of a thin film greatly affects the pattern formation in 
thin films as weU as to the properties such as conductivity and insulation 
thereof. Erroneous film thickness may cause disconnection and shorting 
in interconnection films and the Hke formed above the thin film. The film 
thickness is an important control factor that gieatly influences the 
fabrication yield and refiability. 

Conventionally, measurement of thickness of a thin film formed by a 
film growth apparatus is time consuming. Critical transportation and 
handling of the substrate are required so that the thin film is not damaged 
during thickness measurement. Accordingly, the measurement apparatus 
becomes so complex that it is difficult to introduce the measurement 
apparatus into an empty space of an existing fine. In most cases, 
measurement was carried out off-fine. The method of measuring the 
thickness of a thin film includes various methods such as the contact type 
method measuring a stepped portion in the thin film or using an 



ellipsometer. 

Referring to Fig. 1, a film thickness measurement apparatus using 
an ellipsometer includes a polarizer 101 and an analyser 102. The hght 
firom a light source is polarized by polarizer 101 to be directed onto a thin 
film formation substrate 103 that is to be worked. Light reflected from 
substrate 103 is received by analyser 102 to have the polarized status of the 
reflected light detected by a detector. The detector compares the polarized 
status of incident Hght with that of the reflected hght to obtain the optical 
constant (refractive index, attenuation coefficient) of the film thickness. 

When a thin film layer 104 is formed on a substrate 106 covering a 
wiring pattern 105 of metal and the Hke as shown in Fig. 2, subtle 
unevenness is exhibited at that portion. Therefore, the film thickness 
could not be measured by the above-mentioned measurement method. 

Thus, a particular region absent of wiring pattern 105 is selected jand 
film growth effected thereon. Alternatively, a film is grown on a dummy 
substrate absent of wiring pattern, and the film thickness of an arbitrary 
point of that thin film is measured. Film growth conditions are 
determined to ehminate any deficiency in the thin film on the dummy 
substrate. Then, those film growth conditions are apphed in the actual 
stage of production. Fabrication is effected on the assumption that a 
similar film is grown. 

A method utiHzing light interference is known as the measurement 
method relatively impervious to the unevenness on the substrate. This 
Hght interference method measures the thickness of a thin film by 
analyzing the spectrum of Hght reflected from or passing through the 
substrate. 

An example of a Hght interference method wiU be described with the 
reference to Fig. 3. Light emitted from a Hght source is reflected from a 
substrate 103. The Hght reflected at the surface side of substrate 103 is a 
combination of Hght Rl reflected from the surface of thin film 104 and Hght 
R2 reflected from the surface of the main body 106 of substrate 103 
excluding thin film 104. 

The relationship between the wavelength and Hght intensity of the 




reflected light of Fig. 3 detected by a spectroscope will be described with 
reference to Fig. 4, The wavelength of the reflected light is plotted along 
the abscissa and Hght intensity is plotted along the ordinate in the graph. 
Light Rl and R2 interfere with each other, so that the light intensity 
5 becomes strong and weak with respect to the wavelength of the reflected 

hght. This Hght interference occurs due to the difference in the light paths 
of hght Rl and R2. Therefore, hght interference depends on the thickness 
of thin film 104 and the angle of light radiation. The curve of the 
^ wavelength -Hght intensity in the graph is altered according to the 

O 10 thickness of thin film 104. Therefore, the thickness of film 104 can be 
P obtained by analyzing the shape of the curve of the wavelength-Hght 

^ intensity in the graph depending upon the condition. 

3 The peak vaUey method is known as the analyzing method of the 

Q curve of the wavelength-Hght intensity shown in Fig. 4. The wavelength 

J 15 corresponding to the peak in Hght intensity (points a and b in Fig. 4) in the 
75 wavelength-Hght intensity relationship curve is obtained. The film 

ij thickness is obtained from a relationship equation thereof. 

^ As a film thickness measurement method using the wavelength-Hght 

Q intensity relationship curve, Japanese Patent Laying-Open No. 5-10726 

20 discloses an invention of the film thickness measurement method utiHzing 
transmitted Hght. In this measurement method, the curve of the 
relationship between the wavelength and Hght intensity of Hght 
transmitted through a transmittive substrate is obtained using a Hght 
source and a sensor. In addition to the peak vaUey method that obtains 
25 the wavelength corresponding to Hght intensity of the maximum level, a 

method is known of measuring the film thickness by altering the thickness 
and refractive index of the thin film so that the relationship curve 
approximates the wavelength-Hght intensity logic relationship curve as 
much as possible obtained from logic expressions that wiU be described 
30 afterwards. The foUowing relationship is estabHshed where T is the 

transmittance of the thin film, n' is the refractive index of the thin film, no 
is the refractive index of air, n'l is the refractive index of the transparent 
substrate, ro is the ampHtude reflectance when Hght enters the thin film 
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from air, ri is the amplitude reflectance when light enters the transparent 
substrate from the thin film, d is the offset in phase when Ught travels 
through the thin film, 5 ois the offset in phase when Hght enters the thin 
film from air, andJ i is the offset in phase when Ught enters the 
transparent substrate from the thin film. 

4xn'-x(n'o-i-n\)^ 1 ... 

(n'+n*Q y X (n*4-n'i Y 1 + x Fj + 2 x x x cos(6 4- 5^ + ) 

Since phase offset when Ught passes through the thin film depends 
upon thickness d the thin film and hght wavelength A,, the relationship 
between wavelengths and thin film transmittance T can be obtained from 
equation (1). Therefore, thin film thickness d and thin film refractive 
index n' are altered, and values thereof corresponding to the case where the 
wavelength-Ught intensity logic relationship curve obtained from equation 
(1) is closest to the wavelength-hght intensity measured relationship curve 
are taken as the measurement Vcdues. 

In the film thickness measurement apparatus employing an 
elhpsometer of Fig. 1, the position relationship of substrate 103 with 
respect to polarizer 101 and analyser 102 must be fixed. The thickness of 
the thin film cannot be measured when there is vertical oscillation, 
incHnation, shifting and the Hke in substrate 103. Particularly in the 
fabrication line of a liquid crystal display device using a thin film glass 
substrate of approximately 0.5-1.1 mm in thickness and of a large size at 
least several hundred mm square, significant warping(partial inclination), 
oscillation, and Uke occur in the substrate. In order to use the film 
thickness measurement apparatus in-hne, a robust large stage must be 
installed to be impervious to any partial inchnation and osciUation. It is 
also necessary to mount polarizer 101, analyser 102 and substrate 103 in 
precise position to set the optical axis. Thus, it is difficult to measure a 
pluraMty of sites on substrate 103 simultaneously. Also, the film thickness 
measurement apparatus cannot be introduced in a limited space in-hne 
since the measurement system is of a large scale in many cases. 
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In the method where a film is grown on a dummy substrate that is 
absent of a wiring pattern and measuring the film thickness of an arbitrary 
point of that thin film, there is a problem that the substrate of the product 
is not always identical to that of the dummy substrate even if optimum 
5 growth conditions are obtained by the dummy substrate and employed for 
the actual stage of production. 

Furthermore, the extra step of carrying out film growth on a dummy 
substrate is required. This means that the number of steps required in 
the film thickness measurement process is increased. It may become 
Q 10 necessary to reduce the number of measurement sites of film thickness for 
P one product. The possibility of not detecting improper film thickness or 

2 delay in detecting improper film thickness may occur to result in significant 

S damage. 

5 Microscopic patterns of wiring and other metal films are formed 

15 between the substrate and the thin film in various electronic components. 
T. The above-described peak* valley method which is a light interference 

1J method is employed as the film thickness measurement method to have 

^ such influences relatively reduced. However, the peak-valley method is 

ij 

disadvantageous in that thin film thickness measurement cannot be 
20 implemented in logic if there is only one peak or valley in the measured 

wavelength range, as shown in Fig. 5. Even if there are two or more peaks 
or vEdleys of light intensity, the peak position of light intensity will be 
shifted when light absorption by the thin film occurs in the wavelength 
range near the peak or the valley. Therefore, proper measurement of the 
25 film thickness cannot be obtained. 

The film thickness measurement method disclosed in Japanese 
Patent Laying-Open No. 5-10726 analyzes the waveform per se of the 
wavelength-light intensity curve. Therefore, thickness of the thin film can 
be measured even if there is only one peak or valley of the hght intensity. 
30 However, this measurement method does not take into account the 

absorption coefficient of the thin film, as apparent from equation (1). In 
the case where there is light absorption by the thin film in the measuring 
wavelength range, the wavelength range of measurement must be shifted 
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to a wavelength range absent of absorption by the thin £Qm. This means 
that many light sources differing in wavelength range must be prepared in 
the case of measuring a plurahty of thin films. A mechanism to switch the 
Hght source according to the type of the thin film to be measured is 
required. Accordingly, the thin fiilm measurement apparatus is increased 
in size and cost. 

In the case where a multilayer film is gi'own on a substrate, the logic 
curve can be obtained by appHcation of equation (1) in principle. However, 
a long period of time is required to obtain a curve that matches the actually 
measured wavelength-light intensity curve by altering all the parameters 
since the number of parameters increases in proportion to the number of 
the thin films. In the logic expression obtaining the thickness of a multi 
layer film, the total sum of the error of the thickness of each thin film will 
correspond to the error of the film thickness of the multilayer film. Thus, 
there is a problem that the logic curve does not easily match the actual 
measured curve. 

Film thickness measurement is time consuming because Hght 
radiation of a large wavelength range and analysis thereof are required. 
Since only a transmittive type substrate is expected as the subject, there is 
also the problem that thin film measurement is difficult or the measured 
accuracy degraded in the case where the substrate is not transparent or 
when there is a light blocking film such as wiring between the thin film 
and the substrate. 

It is noted that the position relationship of the substrate, the light 
source and the sensor must be fixed. The Hght path may be oscillated 
when the substrate is shifted vertically, incHned or osciUated. It was 
difficult to properly measure the film thickness. Particularly in the 
fabrication Hne of a Hquid crystal display device using a thin film glass 
substrate of approximately 0.5-1.1 mm in thickness and of a large size at 
least several hundred mm square, significant warping(partial incHnation), 
oscillation, and Hke occur in the substrate. In order to use the film 
thickness measurement apparatus in-Hne, a robust large stage must be 
installed to be impervious to any partial incHnation and oscillation. Thus, 



the film thickness measurement apparatus is increased in size. 
Furthermore, the substrate and the sensor must be positioned accurately to 
set the optical axis. Therefore, it is difficult to measure a plurality of sites 
on a substrate simultaneously. Also, the sensor cannot be introduced in a 
limited space of the existing line in many cases. 

A possible consideration is that the film thickness of a plurality of 
sites is to be measured while moving the sensor. However, it is difficult to 
move the sensor at high speed while maintaining the optical axis at high 
accuracy. This means that the measurement is time consuming. 

It was difficult to measure the film thickness in-Une by the 
conventional film thickness measurement methods. An overall or local 
defect in the substrate could be detected in the stage of inspection after 
several processing steps have already been carried out. There is a time lag 
from the occurrence of a defect until the defect is detected. Thus, there 
was a problem that a large amount of defective products will be generated 
during the time lag. 

In the conventional film thickness measurement method, the 
breakdown or time for maintenance of the film thickness measurement 
apparatus could not be predicted due to change in various conditions such 
as degradation of the light source of the film thickness measurement 
apparatus. This is one cause of degrading the operating efficiency of the 
film thickness measurement apparatus. 

In the invention disclosed in Japanese Patent Laying-Open No. 5- 
10726, a hght source and a sensor are installed at both sides of the 
substrate since the measurement method employs transmitted light. In 
the case where the distance between the substrate and the light source or 
sensor is too small when the apparatus is employed in-line, the substrate 
will be brought into contact with the light source or the sensor due to 
oscillation or position shifting of the substrate to result in breakage or 
damage of the substrate. 

Furthermore, thin film measurement utilizing transmitted light has 
the disadvantage that measurement is difficult since light is not easily 
transmitted in the region of the substrate where a reflective film is formed 



at a constant area ratio. 

Furthermore, when thin films of a multilayer are formed on the 
substrate, each thin film cannot be calculated accurately unless the 
absorption coefficient of respective thin films are taken into account. 
5 There is a compHcated distribution of reflected fight and refracted fight 
when a patterned reflective film that is concave and convex at a constant 
area ratio on the substrate is present, or when fight is reflected and 
refracted at respective interfaces of the multilayer films. There was a 
problem that the distribution of the transmitted fight becomes complex, 
10 whereby measurement of the thickness of the thin film becomes difficult. 
SUMMARY OF THE INVENTION 

In view of the foregoing, an object the present invention is to provide 
a thin film thickness measurement apparatus and method that can 
measure the thickness of a grown thin film of a substrate immediately after 
15 film growth. 

Another object of the present invention is to provide a thin film 
thickness measurement apparatus and method reduced in constraint of 
installation of existing film giowth apparatus. 

A further object of the present invention is to provide a thin film 
20 thickness measurement apparatus and method that allows measurement of 
thickness of the thin film at high accuracy and in a short time. 

Still another object of the present invention is to provide a thin film 
thickness measurement apparatus that can measure the thickness of a thin 
film independent of the type and structure of the thin film. 
25 A still further object of the present invention is to provide a thin film 

thickness measurement apparatus that can measure the film thickness of a 
thin film at high accuracy even if there is a portion in which a reflective 
film is formed at a constant area ratio on the substrate. 

Yet a further object of the present invention is to provide a thin film 
30 thickness measurement apparatus that can measure the thickness of a thin 
film of each layer at high accuracy even in the case where thin films of a 
multilayer are formed on the substrate. 

Yet another object of the present invention is to provide an electronic 
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component fabrication apparatus and method that can suppress generation 
of a defective product to the minimum even when defective products are 
generated. 

Yet a still further object of the present invention is to provide an 
electronic component fabrication apparatus and method that allows film 
thickness measurement at high speed without degrading the production 
rate. 

An additional object of the present invention is to provide an 
electronic component fabrication apparatus and method that allows film 
thickness measurement at high accuracy. 

Yet an additional object of the present invention is to provide an 
electronic component fabrication apparatus predicting breakdown or 
maintenance time of a thin film thickness measurement apparatus to 
improve the operating efficiency of the thin film thickness measurement 
apparatus. 

Yet a still additional object of the present invention is to provide an 
electronic component fabrication method that can reduce the size of the 
thin film thickness measurement apparatus and that allows film thickness 
measurement in-line. 

According to an aspect of the present invention, a thin film thickness 
measurement apparatus includes a fight receiving unit directing fight 
substantially perpendicular to a substrate and receiving fight reflected 
from the substrate, and an analyze unit analyzing the thickness of a thin 
film of a substrate according to intensity of reflected fight received at the 
fight receiving unit. 

The fight receiving unit is relatively impervious to the vertical shift, 
incfination, oscillation and the fike of the substrate since fight is directed 
substantiaUy perpendicular to the substrate and the fight reflected from 
the substrate is received. 

Preferably, the fight receiving unit includes a hght source, and an 
optical fiber guiding fight from the fight source onto the substrate, and 
receiving fight reflected from the substrate to guide the reflected fight to 
the analyze unit. 



' Since the light receiving unit can be formed by only a light source 
and an optical fiber, the structure of the thin film thickness measurement 
apparatus can be simplified. 

Further preferably, the analyze unit includes a spectroscope to divide 
5 fight reflected from the substrate according to intensity of each wavelength, 
and a calculation unit to calculate the thickness of the thin film of the 
substrate according to the intensity of each divided wavelength. 

The calculation unit can provide calculation of the film thickness in a 
short time since the thickness of the thin film of the substrate is calculated 
10 according to the intensity of each wavelength divided by the spectroscope. 

Further preferably, the fight receiving unit directs fight substantially 
perpendicular to the substrate placed on a robot hand. 

Since the fight receiving unit directs fight substantiaUy 
perpendicular to the substrate placed on the robot hand, the existing robot 
15 for substrate transportation can be used. 

Further preferably, the fight receiving unit is placed in the proximity 
of the outlet of a gate valve of a film growth apparatus. 

This provides the advantage that the film thickness can be measured 
using the existing film growth apparatus. 
20 According to another aspect of the present invention, a thin film 

thickness measurement method includes the steps of directing fight 
substantially perpendicular to a substrate and receiving fight reflected 
from the substrate, and analyzing the thickness of a thin film of the 
substrate according to the intensity of the received reflected fight. 
25 Accordingly, influence of vertical deviation, incfination, oscillation 

and the fike of the substrate is suppressed. 

Preferably, the step of measuring the thickness of a thin film 
includes the steps of analyzing the reflected fight from the substrate 
according to intensity of each wavelength, and calculating the thickness of 
30 the thin film of the substrate according to the intensity of each divided 
wavelength. 

This provides the advantage that the film thickness can be 
calculated in a short time. 
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According to a further aspect of the present invention, a thin film 
thickness measurement apparatus includes a Ught source having a 
wavelength range of at least approximately 220 nm to 850 nm, a projection 
unit guiding Ught from the Hght source and directing the light to a thin film 
5 formed on a substrate, a hght receiving unit receiving hght reflected from 
the thin film or the substrate, a spectroscope dividing reflected Hght 
received at the hght receiving unit for each wavelength, and a calculation 
unit calculating the thickness of the thin film according to intensity of 
reflected hght in the wavelength range of approximately 220 nm to 850 nm 
0 10 divided by the spectroscope. 

!^ The thickness of the thin film is measured utilizing reflected hght at 

the interface portion of the thin film. Thin film thickness measurement 

:^ can be effected even if the substrate is transparent such as glass or opaque. 

:Q Therefore thin film thickness measurement can be effected with respect to 

15 a wide range of products. The film thickness can be measured for the 

reflected hght intensity of a wavelength range from at least approximately 

iU 220 nm to 850 nm. Therefore, film thickness measurement is allowed with 

two lamps (halogen lamp and deuterium lamp) at most. By the analysis of 

iO the reflected hght intensity in the wavelength range of at least 

20 approximately 220 nm to 850 nm, thickness measurement of most of single 
layer films such as an ITO (Indium Tin Oxide), sihcon nitride film, 
amorphous sihcon film and n^ type amorphous sihcon film as well as a 
multilayer formed of those films generaUy employed in many of the 
electronic components of hquid crystal displays, semiconductor devices, 
25 image sensors, and the hke can be measured. Thus, thin film thickness 

measurement can be carried out regardless of the type and structure of the 
thin film. 

Preferably, the projection unit includes an optical fiber that guides 
hght from the hght source and directs the hght to the thin film formed on 
30 the substrate. The hght receiving unit includes an optical fiber receiving 
reflected hght from the substrate and guiding the received reflected Hght to 
the spectroscope. 

The projection unit and the Hght receiving unit can be formed 
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exclusively of optical fibers. Therefore, the thin film thickness 
measurement apparatus can be reduced in size. The thin film thickness 
measurement apparatus can be easily introduced into an existing or new 
Une in the empty space. 

Further preferably, the hght source includes a plurahty of lamps of 
different wavelength ranges provided in the same casing. 

By providing a plurahty of lamps in the same casing, switching of 
hght directed to the substrate becomes more simple than the case where 
lamps are provided in separate casings. The structure of the projection 
unit that guides Hght from the hght source can be simplified. Accordingly, 
the thin film thickness measurement apparatus can be reduced in size. 

Further preferably, the plurahty of lamps can be ht independently. 

The combination of the lamps turned on can be altered to direct hght 
of various wavelength ranges to the thin film. Thin film thickness 
measurement can be carried out appropriately by selecting hght of an 
appropriate wavelength range corresponding to the material of the thin 
film. 

Further preferably, the projection unit is arranged at a position 
directing hght substantially perpendicular to the substrate. The Hght 
receiving unit is arranged at a position receiving Hght reflected 
substantiaUy perpendicular from the substrate. 

By providing the projection unit and the Hght receiving unit 
substantiaUy perpendicular to the substrate, the projection unit and the 
Hght receiving unit can be provided as a unitary element and introduced 
into an empty space in the existing Hne. Since the incident angle of Hght 
is substantiaUy perpendicular-, deviation in the Hght path of the reflected 
Hght is reduced. Thin film thickness measurement is aUowed impervious 
to osciUation or incHnation of the substrate and the distance of the 
substrate to the projection unit or the Hght receiving unit. 

Further preferably, the projection unit includes one optical fiber 
guiding Hght from the Hght source to direct Hght substantiaUy 
perpendicular to the thin film formed on the substrate. The Hght receiving 
unit includes a plurahty of optical fibers arranged around an optical fiber, 
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each receiving light reflected from the substrate. 

Light is projected symmetrically about the axis even if the substrate 
is inclining, so that the reflected Ught is received by any of the plurality of 
optical fibers. Thin film thickness measurement can be carried out 
irrespective to the incKnation of the substrate. 

Further preferably, the light receiving unit includes one optical fiber 
arranged at a position receiving Hght reflected substantially perpendicular 
from the substrate. The projection unit includes a plurality of optical 
fibers arranged around an optical fiber to guide the light from the hght 
source and directing the light substantially perpendicular to the thin film 
formed on the substrate. 

Any of the reflected Hght from the Hght directed by the pluraHty of 
optical fibers symmetricaUy about the axis can be received by one optical 
fiber located at the center of the pluraHty of optical fibers even if the 
substrate is incHned. Therefore, thin film thickness measurement can be 
carried out irrespective of whether the substrate is incHned or not. 

Further preferably, the calculation unit calculates the film thickness 
d of a thin film by the foUowing equations (2)-(7) where no is the refractive 
index of the substrate, m is the refractive index of the thin film, n2 is the 
refractive index of air, X is the Hght wavelength, k is the absorption 
coefficient of the thin film, and R is the Hght reflectance intensity at 
wavelength X , according to the intensity of reflected Hght divided by the 
spectroscope. 



R = 



R(2, 1) + R(l, 0) X k' + 2 X p{2, 1) X p(l, 0) x k x cos(y) 



••(2) 



1 + R(2, 1) + R(l, 0) X k' + 2 X p(2, 1) X p(l, 0) x k x cos(y) 



P(2, 1) = 




• -(3) 



P(l, 0) = 



Hp -n 



...(4) 
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R(2, 1)= p(2, 1)2 -(5) 
R(1,0)= p (1,0)2 - (6) 

y-47tnid/?i •••(7) 

5 Equation (2) takes into account the absorption coefficient k of the 

thin film. Therefore, thin film thickness measurement is allowed even 
with respect to a wavelength range in which light is absorbed. Film 
thickness measurement is allowed at high accuracy and in a short time 
without having to restrict the wavelength range of the light source. Usage 

10 in-Une is allowed without degrading the line production rate. 

Further preferably, the calculation unit calculates the film thickness 
d(p) of the p-th layer of thin film by the following equations (8)-(18), where 
no is the refractive index of the substrate, n(p) is the refractive index of the 
p-th layer of thin film from the substrate, n(p+l) is the refractive index of 

15 air, X is the Hght wavelength, and k(p) is the absorption coefficient of the p- 
th layer of thin film, according to the intensity of reflected hght divided by 
the spectroscope. 

R(p+i,o)= -(S) 

l + J + H 

20 G = R(p+l, p)+R(p, 0)Xk(p)2 • (9) 

H = 2 X p (p+1, p) X VR(P, 0) X k(p) X cos(Y(p, 0) + Y(p)) • • (10) 

J = R(p+l,p)xR(p, 0)xk(p)2 ••(11) 

p (p+1, p) = ilMzM ...(12) 
n(p) + n(p + l) 

R(p+l,p)= p(p+l,p)2 ••(13) 
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tany(p, 0) = 



D 



(14) 



E + F 



D = 



VR(P-1 0) X (1 - p(p, p - 1)' ) X sin(y(p - 1, 0) + y(p - 1)) 



•■(15) 



P(p,p-I)x(l+R(p-1,0)) 



•(16) 



F = 



VR(p " I 0) X (1 4- p(p, p - 1)') X cos(y(p - 1, 0) + Y(p - 1)) 



••(17) 



y (p) = 4 7cn(p)d(p) cos 9(p) / X 



••(18) 



Equation (8) takes into account the absorption coefficient k(p) of each 
layer of the thin film. Therefore, thin film thickness measurement is 
allowed for a multilayer film even with respect to a wavelength range in 
which light is absorbed. Thickness measurement can be carried out at 
high accuracy and in a short time without Hmiting the wavelength range of 
the fight source. Usage in -fine is aUowed without degrading the fine 
production rate. 

Further preferably, the thin film includes a transparent conductive 
film. The substrate has a coat of a reflective film. 

By providing a reflective film under the thin film that is to be 
measured, the thin film can be measured accurately even if there is an 
underlying thin film having a refractive index approximating that of the 
thin film that is to be measured. 

Further preferably, the reflective film has an area greater than 0% 
and not more 50% the area of the region that is to be measured. The 
calculation unit calculates the thickness of the thin film ignoring 
reflectance at the reflective film. 

The inventors of the present invention have confirmed by 
experiments that thin film thickness measurement can be carried out 
correctly on the assumption that the entire layer under the target layer is a 
transparent substrate such as a glass substrate. 

Further preferably, the reflective film has an area 50-100% the area 
of the region of the film that is to be measured. The calculation unit 
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measures the thickness of the thin film ignoring influence of light 
transmittance towards the underljdng layer of thin film. 

The inventors of the present invention have confirmed by experiment 
that thin film thickness measurement can be carried out accurately, when 
the target layer is a transparent conductive film such as an ITO film and a 
reflective film of Ta is formed under the ITO layer on the assumption that 
there is a uniform reflective film under the ITO layer. 

Further preferably, the reflective film is a metal film or an alloy film 
with tantalum, titanium, aluminum, chromium or molybdenum as the 
main component. 

These materials are those typically used in semiconductor devices 
and liquid crystal displays. Therefore, extra material or processing step to 
additionally form a reflective film is not required by using a layer 
underlying the target thin film as a reflective film. 

According to stiU another aspect of the present invention, an 
electronic component fabrication apparatus includes a film growth 
apparatus and a thin film thickness measurement apparatus. The thin 
film thickness measurement apparatus includes a Ught source, a projection 
unit guiding light from a light source and directing the light substantiaUy 
perpendicular to a thin film formed on a substrate, a light receiving unit 
receiving light reflected from the thin film or the substrate, a spectroscope 
dispersing reflected light received at the fight reflecting unit for each 
wavelength, and a calculation unit calculating the thickness of the thin 
film according to intensity of reflected fight dispersed at the spectroscope. 
The thin film thickness measurement apparatus is provided in the 
fabrication fine of electronic components, and at a position that carries out 
thin film thickness measurement right after a film is grown by the film 
growth apparatus. 

By providing the projection unit and the fight receiving unit 
substantially perpendicular to the substrate, the projection unit and the 
fight receiving unit can be provided as a unitary element to be introduced 
into an empty space in the existing fine. Since the incident angle of fight 
is substantiaUy at right angles, deviation in the fight path of the reflected 
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light is reduced. Therefore, thin film thickness measurement is allowed 
impervious to oscillation or inclination of the substrate and to the distance 
of the substrate to the projection unit or the Ught receiving unit. 

Since measurement is carried out immediately after the film is 
grown by the film growth apparatus, defect in the grown film can be 
immediately detected. Thus, generation of defective products can be 
suppressed to the minimum. 

Preferably, the projection unit includes a plurality of projection units 
directing light guided from the fight source to a plurafity of sites on the 
substrate at the same time. The fight receiving unit includes a plurafity of 
fight receiving units receiving fight reflected from the plurafity of sites. 

Variation in the film thickness in the substrate is great in the case of 
substrates of large size employed in fiquid crystal displays. There may be 
the case where deficiency in the grown film occurs locally by abnormal 
discharge and the fike during the film growth step. By arranging a 
plurafity of the projection units and fight receiving units, the film thickness 
measurement of a plurafity of sites can be carried out simultaneously. 
Therefore, local film thickness defect can be detected without degrading the 
production rate. 

Further preferably, the thin film thickness measurement apparatus 
includes a plurafity of first connectors attached at the leading ends of the 
plurafity of fight receiving units, respectively, and a second connector 
having one end connected to the spectroscope and the other end connected 
to any of the plurafity of first connectors to guide the fight from the 
connected first connector to the spectroscope. 

The fight guided to the spectroscope is switched according to the 
combination of the first connector and the second connector. Usage of 
connectors to switch the fight provides the advantage that fight leakage is 
prevented to increase the fight usage efficiency than the case where a 
shutter is used. Therefore, the accuracy of thin film measurement can be 
improved. 

Further preferably, the thin film thickness measurement apparatus 
further includes a reflectance cafibration projection unit guiding fight from 
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the light source and directing the light substantially perpendicular to light 
reflective material, a reflectance calibration light receiving unit receiving 
light reflected from the reflective material, and a reflectance calibration 
unit calibrating a parameter used in calculating thin film thickness by the 
calculation unit according to light received at the reflectance calibration 
hght receiving unit. 

The parameter used in calculating the thin film thickness is 
calibrated using reflected hght from the reflective material. ' Therefore, 
thin film thickness measurement is carried out while cahbrating the 
parameter even during the fabrication of electronic components. Therefore, 
the accuracy of thin film thickness measurement can be improved. 

Further preferably, the thin film thickness measurement apparatus 
includes a Hght source cahbration projection unit guiding hght from the 
hght source and directing the hght to hght reflective material, a hght 
source cahbration hght receiving unit receiving hght reflected from the 
reflective material, and a hght source amount reduction detection unit 
detecting reduction of the hght amount of the hght source according to hght 
received at the hght source cahbration hght receiving unit. 

Reduction in the amount of hght of the hght source is detected using 
reflected hght from the reflective material. Accordingly, the lifetime of the 
hght source can be identified, so that the hght source can be exchanged 
prior to the lifetime. The operating efiiciency of the thin film thickness 
measurement apparatus can be improved by carrying out replacement of 
the hght source during the film growth stage or the when the hne is at stop. 

Further preferably, the thin film thickness measurement apparatus 
further includes a disturbance hght receiving unit receiving disturbance 
hght, and a disturbance hght cahbration unit cahbrating a parameter used 
in calculating thin film thickness in the calculation unit according to hght 
received at the disturbance hght receiving unit. 

The parameter used in calculating the thickness of the thin film is 
cahbrated using the disturbance hght. Therefore, thin film thickness 
measurement is carried out impei-vious to the disturbance hght. Therefore, 
accuracy of thin film measurement can be improved. 
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According to yet a further aspect of the present invention, an 
electronic component fabrication method includes the steps of gi'owing a 
thin film on a substrate, directing hght substantially perpendicular to the 
thin film formed on the substrate right after film growth, receiving hght 
5 reflected from the thin film or the substrate, dispersing the received 

reflected light for each wavelength, and calculating the thickness of the 
thin film according to the intensity of the reflected light dispersed. 

Thin film thickness measurement is carried out immediately after 
film growth. Therefore, defect in the grown film can be detected promptly 
10 to suppress generation of defective products at the minimum. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
detailed description of the present invention when taken in conjunction 
with the accompanying di'awings. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram to describe a film thickness measurement method 
using a conventional eUipsometer. 

Fig. 2 shows an example of a substrate that cannot have the film 
thickness measured. 
20 Fig. 3 is a diagram to describe an example of the conventional hght 

interference method. 

Fig. 4 shows an example of the relationship between reflected hght 
wavelength and light intensity. 

Fig. 5 shows an example of a wavelength-hght intensity curve when 
25 the film thickness cannot be measured by the peak valley method. 

Fig. 6 is a block diagram to describe a structure of a thin film 
thickness measurement apparatus according to a first embodiment of the 
present invention. 

Fig. 7 is a diagram to describe a structure of a branch type optical 
30 fiber 2. 

Fig. 8 is a diagram to describe in further detail branch type optical 
fiber 2. 

Fig. 9 is a diagram to describe a structure of a light restriction 
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shutter. 

Fig. 10 shows an another example of an optical fiber to measure a 
plurality of points. 

Fig. 11 is another example of an optical fiber to measure a plurality 
of points. 

Fig. 12 is a flow chart of the procedure of the thin film thickness 
measurement apparatus according to the first embodiment. 

Figs. 13A-13B show an example of installment of the thin film 
thickness measurement apparatus of the first embodiment. 

Fig. 13G shows the configuration of a robot hand. 

Fig. 14A is a diagram to describe the effect of vertical deviation of the 
substrate on the measured value. 

Fig. 14B is a diagram to describe the effect of incHnation of the 
substrate on the measured value. 

Fig. 15 is a diagram to describe a structure of a thin film thickness 
measurement apparatus according to a second embodiment of the present 
invention. 

Fig. 16 is a diagiam to describe a structure of a branch type optical 
fiber 42. 

Fig. 17 is a diagram to describe in further detail branch type optical 
fiber 42. 

Fig. 18 is a diagram to describe a structure of a light restriction 
shutter. 

Fig. 19 is a flow chart of the procedure of the thin film thickness 
measurement apparatus of the second embodiment. 

Figs. 20A and 20B show examples of installation of the thin film 
thickness measurement apparatus of the second embodiment. 

Figs. 21 and 22 show a structure of optical fiber 42B. 

Fig. 23 is a graph representing the thin film thickness measurement 
result when the angle of incHnation of the substrate is altered with respect 
to the sensor unit. 

Fig. 24 is a graph representing the intensity of reflected Hght 
incident on the sensor unit over time when the substrate is oscillated 
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vertically. 

Fig. 25 shows a three layered structure of a GI layer, an i layer and 
an n+ layer provided to cover a reflective film of Ta. 

Fig. 26 is a graph representing the thin film thickness measurement 
5 result when the area ratio of the reflective film is altered. 

Fig. 27 shows a structure of optical fiber 42B. 

Fig. 28 is a block diagram to describe a structure of a thin film 
thickness measurement apparatus according to a third embodiment of the 
present invention. 

10 Fig. 29 is a sectional view showing a structure of a coupler. 

Fig. 30 is a sectional view of a pixel unit of a transmittive type liquid 
crystal display. 

Fig. 31 is a graph representing the thickness measurement result of 
an ITO film when a halogen lamp is used as the hght source. 
15 Fig. 32 is a graph representing the thickness measurement result of 

an ITO film when a halogen lamp and a deuterium lamp are employed as 
the Hght source. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

20 Referring to Fig. 6, a thin film thickness measurement apparatus 

according to the first embodiment of the present invention includes a Ught 
source 1, a branch type optical fiber 2 guiding Hght from Hght source 1 onto 
a substrate 3, and receiving Hght reflected from substrate 3, a Hght 
restriction shutter 4 selectively blocking the pluraHty of reflected Hght from 

25 substrate 3, a spectroscope 5 dividing the reflected Hght guided by branch 
type optical fiber 2 according to Hght intensity of each wavelength, and a 
computer 6 analyzing Hght intensity of each wavelength to analyze the 
thickness of the thin film. 

In order to aUow thickness measurement of any thin film, a halogen 

30 lamp or the Hke that can emit Hght having a constant wavelength range 
(for example, a wavelength range of approximately 400-800 nm in visible 
Hght region) for Hght source 1. As to the optical components of 
spectroscope 5 and the Hke, components that can cover that wavelength 
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range are used. 

Referring to Fig. 7, branch type optical fiber 2 includes an optical 
fiber 21 guiding the light fi*om light source 1 on substrate 3, an optical fiber 
22 guiding the fight fi^-om fight source 1 to a measurement point PI on 
5 substrate 3 and guiding fight reflected fxom measurement point PI on 

substrate 3 to spectroscope 5, an optical fiber 23 guiding fight from fight 
source 1 to a measurement point P2 on substrate 3 and guiding fight 
reflected fi'om measurement point P2 on substrate 3 to spectroscope 5, and 
^ an optical fiber 24 guiding reflected fight fiom measurement point PI and 

n 10 reflected fight from measurement point P2 on substrate 3 to spectroscope 5. 
;P Referring to Fig. 8, optical fiber 21 of Fig. 7 includes two optical 

fibers 21a and 2 lb. Optical fiber 21a directs the fight from fight source 1 
^'S to measurement point PI on substrate 3. Optical fiber 21b directs fight 

:S from fight source 1 to measurement point P2 on substrate 3. 

15 Optical fiber 22 of Fig. 7 includes two optical fibers 22a and 22b. 

\Z Optical fiber 22a directs fight from fight source 1 to measurement point PI 

m on substrate 3 and forms one optical fiber with optical fiber 21a. Optical 

fiber 22b directs fight reflected from measurement point Pi on substrate 3 
.5 to spectroscope 5. 

20 Optical fiber 23 of Fig. 7 includes two optical fibers 23a and 23b. 

Optical fiber 23a directs fight from fight source 1 to measurement point P2 
on substrate 3, and forms one optical fiber with optical fiber 21b. Optical 
fiber 23b directs fight reflected from measurement point P2 on substrate 3 
to spectroscope 5. 

25 Optical fiber 24 of the Fig. 7 includes two optical fibers 24a and 24b. 

Optical fiber 24a directs reflected fight from measurement point Pi on 
substrate 3 to spectroscope 5, and forms one optical fiber with optical fiber 
22b. Optical fiber 24b directs reflected fight from measurement point P2 
on substrate 3 to spectroscope 5, and forms one optical fiber with optical 

30 fiber 23b. 

Referring to Fig. 9, fight restriction shutter 4 of Fig. 6 is provided at 
the leading edge of optical fibers 24a and 24b shown in Fig. 8 (between 
optical fibers 24a, 24b and spectroscope 5). Light restriction shutter 4a 
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provided at the leading edge of optical fiber 24a open/closes to control the 
passage and blocking of reflected Hght from measurement point Pi on 
substrate 3. Light restriction shutter 4b provided at the leading end of 
optical fiber 24b open/closes to control the passage and blocking of reflected 
light from measurement point P2 on substrate 3. Only one of the reflected 
light from measurement point Pi and measurement point P2 on substrate 3 
can be selected and guided to spectroscope 5 by opening one and closing the 
other of the Hght restriction shutters. Furthermore, the average value of 
the film thickness at measurement points PI and P2 on substrate 3 can be 
measured by simultaneously opening light restriction shutters 4a and 4b. 

Another example of the branch type opticad fiber will be described 
with reference to Fig. 10. When there is always only one point of 
measurement on substrate 3, optical fiber 25a guiding hght from hght 
source 1 and optical fiber 25b guiding reflected Hght to spectroscope 5 as 
shown in Fig. 10 can be connected to optical fiber 26 provided at 
measurement point Pi or optical fiber 27 provided at measurement point 
P2 on substrate 3. The thickness of either measurement point PI or P2 
can be measured. 

Alternatively, an optical fiber 28 guiding Hght from Hght source 1 
can be provided in a movable manner, and a pluraHty of optical fibers 29-33 
receiving reflected Hght from substrate 3 can be provided, as shown in Fig. 
11. A pluraHty of points on substrate 3 can be measured by moving only 
optical fiber 28. 

The procedure of the film thickness measurement process executed 
by computer 6 will be described with reference to Fig. 12. Reflected Hght 
from substrate 3 is divided into the Hght intensity (spectrum) for each 
wavelength by spectroscope 5 (Si). Computer 6 receives the spectrum 
data for each wavelength from spectroscope 5 (S2), analyzes the thickness 
of the thin film using a logic expression (S3), and displays the obtained film 
thickness on a screen of computer 6 (S4). 

The logic expression to analyze the thickness of the thin film wiU be 
described here. The Hght intensity R of reflected Hght from the substrate 
can be represented by equations (2)-(7), where no is the refractive index of 



the substrate, ni is the refractive index of the thin film, n2 is the refractive 
index of air, k is the absorption coefficient of the thin film, d is the 
thickness of the thin film, and X is the wavelength of the fight source. 

Optical constants (n, k) are numerics that change depending on the 
fight wavelength X from the fight source. The film thickness d of the thin 
film can be calculated by altering the optical constants (n, k) corresponding 
to wavelength X of fight and inserting the same into equation (2). More 
specificaUy, thin film thickness d can be calculated when optical constants 
(n, k) are known, and if there is a wavelength -fight intensity curve 
produced using fight intensity of each wavelength detected by spectroscope 
5. 

When optical constants (n, k) are not known, optical constants (n, k) 
and thin film thickness k can be obtained as set forth in the foUowing. 

(1) Rough numerics are inserted into equation (2) as the initial 
values for film thickness d, refractive index m and absorption coefficient k 
of the target thin film. 

(2) The upper fimit value and lower fimit value of respective 
parameters d, ni and k are set. For example, the upper and lower fimit 
values of thin film thickness d is set to ±50% the initial value. 

(3) Parameters d, m and k are inserted into equation (2) altered 
within the range between the upper fimit value and the lower fimit value. 
The value of each parameter is calculated so that the resultant curve is 
closest to the curve of the actuaUy measured wavelength-fight intensity. 
As a determination method thereof, the difference of fight intensity 
between both curves is obtained for each wavelength. The parameters are 
altered so that the total sum of the differences at the measured wavelength 
range is smaUest. Thus, respective parameters can be obtained. Optical 
constants (n, k) and thin film thickness d can be obtained at the same time 
by this method. 

In the case where a multi layered structure of the thin film is formed 
on the substrate, the film thickness of each thin film can be calculated 
according to a method similar to that above, provided that the logic 
expression of fight intensity R(p+1,0) of fight reflected fi^om the substrate is 
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represented by equations (19)-(22) and (12)-(18), where n(0) is the 
refractive index of the substrate, n(p) is the refractive index of the p-th 
layer of thin film from the substrate, n(p+l) is the refractive index of air, k 
is the absorption coefficient of the p-th layer of thin film from the substrate, 
5 d(p) is the thin film thickness, and X is the wavelen^h of the light source. 

R(p+i,o)= -(le) 

1 + C + B 

O A = R(p+l, p)+R(p,0)xk2 •••(20) 

;3 B = 2 X p (p+l, p) X ^R(p, 0) X k X cos(y(p, 0) + Y(p)) • (21) 

;J 10 C = R(p+l, p)XR(p, 0)Xk2 (22) 

• ,7 „S 

By inserting values sequentially into the logic expression from the 
ry first layer of thin film, the second layer of thin film, ... from the substrate, 

["i i.e., by sequentially inserting 1, 2, ... into p, the optical constants and 

15 thickness of respective thin films can be obtained whatever layer the thin 
fi film may be located. It is to be noted that the time required for 

computation increases since there are more parameters in proportion to 
more layers of the thin film. Also, it is to be noted that the error becomes 
greater as a function of the number of thin films from the stand point of 
20 measurement accuracy. 

Computer 6 can notify generation of a defect to the film growth 
apparatus through communication or develop a database that is to be 
referred to in setting the film growth conditions for the film growth 
apparatus, according to the obtained thin film thickness d. 
25 An example of installing the thin film thickness measurement 

apparatus of the present invention will be described with the reference to 
Figs. 13A and 13B. Sensor 10 in which branch type optical fiber 2 of Fig. 6 
is provided is located above a gate opening (gate valve) 13 of a film growth 
apparatus so that sensor 10 is substantially perpendicular to substrate 3 
30 where a thin film is formed. This film growth apparatus carries out film 
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growth by, for example, CVD (Chemical Vapor Deposition), and places a 
plurality of substrates with grown films on respective trays. The plurality 
of substrates are stored in a load rock 14 provided in a gate opening 13 of 
the unload chamber shown in Fig. 13B. A substrate transportation robot 
11 takes out one substrate from load rock 14 and places the same on a robot 
hand 12, and moves so that substrate 3 is located right under sensor 10. 
In the case where there are a plurahty of measurement points of the thin 
film, robot 11 moves every time measurement of a measurement point ends 
so that the next point of measurement is located right below sensor 10. 
Fig. 13C shows the configuration of robot hand 12. 

The effect of vertical deviation and inchnation of the substrate on the 
measured value will be described with reference to Figs. 14A and 14B. In 
Fig. 14A, the distance between sensor 10 and substrate 3 is plotted along 
the abscissa, and the thickness of the thin film measured by the thin film 
thickness measurement apparatus of the present embodiment is plotted 
along the ordinate. It is appreciated from Fig. 14A that the measured 
result is hardly affected by the distance between sensor 10 and substrate 3 
in any of the GI layer (siHcon nitride), i layer (amorphous silicon) and n^ 
layer (n^ type amorphous silicon). 

In Fig. 14B, the angle of inchnation of substrate 3 is plotted along 
the abscissa, and the thickness of the thin film measured by the thin film 
thickness measurement apparatus of the present embodiment is plotted 
along the ordinate. It is appreciated from Fig. 14B that the measurement 
result is hardly affected by the inclination angle of substrate 3 in any of the 
GI layer, i layer and n+ layer. 

According to the thin film thickness measurement apparatus of the 
present embodiment, the thickness of the thin film of the substrate can be 
measured immediately after the film giowth step. Therefore, a defective 
substrate, if any, can be detected immediately after film growth. There is 
hardly no delay of finding a defective substrate from the film giowth of the 
substrate. Any damage caused by generation of a defective product can be 
suppressed to the minimum. 

By generating a database from the film growth conditions and thin 
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film thickness, the film growth status such as the tendency of the film of 
the substrate can be predicted. 

The structure of sensor portion of the film thickness measurement 
apparatus is extremely simple, and reduction in size and weight is allowed. 
5 Therefore, the restriction in instaUing an existing film growth apparatus 
can be alleviated, and maintenance thereof facilitated. 

The thickness measurement apparatus can analyze the thickness of 
the thin film exclusively by a wavelength-Ught intensity curve. It is 
therefore possible to measure the thickness of the thin film in a short 
10 period of time (approximately one second per measurement point). Film 
thickness error is suppressed since analysis is carried out taking into 
consideration the absorption coefficient of the thin film. 

Furthermore, measurement of a plurahty of points on the substrate 
is allowed in a short period of time by the usage of a branch type optical 
15 fiber and arrangement of a plurality of optical fibers. 

Second Embodiment 

Referring to Fig. 15, a thin film thickness measurement apparatus of 
the second embodiment includes a light source 41, a branch type optical 
fiber 42 guiding fight from light source 41 to a pluraUty of sites (here, two) 

20 on substrate 3, and receiving fight reflected from respective sites of 

substrate 3, a fight restriction shutter 44 selectively blocking incident fight 
to be guided to a plurafity of sites of substrate 3 and a plurafity of reflected 
fight from substrate 3, a spectroscope 5 dividing reflected fight guided by 
branch type optical fiber 42 according to fight intensity for each wavelength, 

25 and a computer 46 analyzing the fight intensity by each wavelength to 
calculate the thickness of the thin film. 

Components similar to those of the thin film thickness measurement 
apparatus of the first embodiment have the same reference character 
allotted, and detailed description thereof will not be repeated. 

30 A halogen lamp that has a wavelength range (400-850 nm) 

approximating a visible fight wavelength range (400-800 nm), for example, 
is employed as fight source 41. However, another lamp can be provided in 
the same chamber or in another chamber of the fight source of the halogen 
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lamp. The lamps are used lit at the same time or lit in a switching 
manner. Optical components of spectroscope 5 and the like are used that 
can cover the wavelength range thereof. 

Referring to Fig, 16, branch type optical fiber 42 includes an optical 
fiber 42 A guiding light from hght source 41 to substrate 3, an optical fiber 
42B guiding Ught from Ught source 41 onto a measurement point Pi on 
substrate 3 and guiding hght reflected from measurement point PI on 
substrate 3 to spectroscope 5, an optical fiber 42C guiding the Ught from 
Ught source 1 to a measurement point P2 on substrate 3, and guiding Ught 
reflected from measurement point P2 on substrate 3 to spectroscope 5, and 
an optical fiber 42D guiding reflected Ught from measurement point PI and 
reflected Ught from measurement point P2 on substrate 3 to spectroscope 5. 

Branch type optical fiber 2 wiU be described in further detail with 
reference to Fig. 17. Optical fiber 42A includes two groups of optical fibers 
42 AA and 42AB. Optical fiber 42AA directs Ught from Ught source 41 onto 
measurement point PI on substrate 3. Optical fiber 42 AB directs Ught 
from Ught source 41 onto measurement point P2 on substrate 3. 

Optical fiber 42B includes two groups of optical fibers 42BA and 
42BB. Optical fiber 42BA directs Ught from Ught source 41 to 
measurement point PI on substrate 3. Optical fiber 42BB directs reflected 
Ught from measurement point PI on substrate 3 to spectroscope 5. 

Optical fiber 42C includes two groups of optical fibers 42CA and 
42 CB. Optical fiber 42 C A directs Ught from Ught source 41 to 
measurement point P2 on substrate 3. Optical fiber 42CB directs reflected 
Ught from measurement point P2 on substrate 3 to spectroscope 5. 

Optical fiber 42D includes two groups of optical fibers 42DA and 
42DB. Optical fiber 42DA directs reflected Ught from measurement point 
Pi on substrate 3 to spectroscope 5. Optical fiber 42DB directs reflected 
Ught from measurement point P2 on substrate 3 to spectroscope 5. 

Referring to Fig. 18, Ught restriction shutter 44 is provided in the 
path of optical fibers 42B and 42C showing Fig. 17. More specifically, 
Ught restriction shutter 44 is provided between the connection point 42X 
between optical fibers 42 A and 42 C (connection point between optical fibers 
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42D and 42B) and measurement points PI and P2. Light restriction 
shutter 44B provided in the path of optical fiber 42B is opened/closed to 
control the switching of passage and blocking of incident Ught to 
measurement point Pi on substrate 3 and reflected light from 
5 measurement point PI. Light restriction shutter 44C provided in the path 
of optical fiber 42C is opened/closed to control the switching of passage and 
blocking of incident light to measurement point P2 and reflected fight from 
measurement point P2 on substrate 3, By closing one and opening the 
_ other of fight restriction shutters 44B and 44C, one of the reflected fight 

2 10 from measurement point Pi or P2 on substrate 3 can be selectively guided 
p to spectroscope 5. Also, by opening fight restriction shutters 44B and 44C 

2 simultaneously, the average value of the film thickness at measurement 

B points PI and P2 on substrate 3 can be obtained. 

^ i 

Z The procedure of the film thickness measurement process executed 

15 by computer 46 wiU be described with reference to Fig. 19. The reflected 

1^ fight from substrate 3 is divided into fight intensity (spectrum) of each 

-fi wavelength by spectroscope 5 (SI). Computer 46 receives spectrum data 

^ for each wavelength from spectroscope 5 (S2), and calculates the thickness 

: a 

% of the thin film using a logic expression that wiU be described afterwards 

20 (S13). Computer 46 displays the obtained film thickness on a screen of 
computer 46, and stores the data in an accumulated manner (Sl4). 
Computer 46 transfers the accumulated data to a centrafized controUer (not 
shown) (S15). 

The centrafized controUer receiving data related to the thickness of 
25 the thin film from computer 46 carries out a process corresponding to 

occurrence of an abnormal status such as effecting an alarm when the thin 
film thickness exceeds a predetermined reference value, when the 
difference in film thickness between measurement points in the substrate is 
great, or when change in the film thickness of a certain measurement point 
30 is gieat over time. 

An example of the thin film thickness analyze method wiU be 
described here. When the thin film formed on substrate 3 is of a single 
layer, reflected fight intensity R from substrate 3 can be represented by 
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equations (2)-(7), similar to the first embodiment. Therefore, details 
thereof will not be repeated here. 

The thickness of a thin film of each layer can be calculated by a 
similar manner even in the case where a multi layered thin film is formed 
5 on the substrate. The relationship represented by equations (8)-(18) is 
estabhshed between reflected Hght intensity R(p+1, 0) from the substrate 
and respective parameters, where n(0) is the refractive index of substrate, 
n(p) is the refractive index of the p-th layer of thin film from the substrate, 
n(p+l) is the refractive index of air, k(p) is the absorption coefficient of the 
10 p-th layer of thin film from the substrate, d(p) is the thin film thickness of 
the p-th layer from the substrate, and X is the wavelength of the Hght 
source. 

By inserting values sequentially into the logic expression for the first 
layer of thin film, the second layer of thin film, ... from the substrate, i.e. by 

15 sequentially inserting 1, 2, ... for p, the optical constants (n(p), k(p)) and 

thickness d(p) of respective films can be obtained irrespective of how many 
layers the thin film may be formed of. When thin films having optical 
constants that are close to each other are stacked adjacent to each other, 
analysis is carried out with those thin films as the same one layer. The 

20 time required for computation increases since there are more number of 

parameters as the number of thin films increases. Also, the error from the 
actual value increases as there are more thin films. However, it has been 
confirmed by the inventors of the present inventors that measurement in- 
Une is allowed even for approximately three layers in a hquid crystal 

25 display. 

The number of measurement sites on the substrate may be one in 
order to identify error in the Hquid crystal display. However, there is a 
possibiHty of local abnormal film thickness in the substrate for Hquid 
crystal displays of a size at least Im square in which the thickness of thin 
30 films differ partiaUy. It is therefore desirable to measure approximately 3- 
5 points on one substrate. 

An example of instalHng the thin film thickness measurement 
apparatus of the present embodiment wiU be desciibed with reference to 
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Figs. 20 A and 20B. As shown in Fig. 20A, a sensor unit 50 in which 
branch type optical fiber 42 of the Fig. 15 is provided is fixed to a support 
50A provided in the film giowth apparatus. Branch type optical fiber 42 is 
arranged all over in support 50 A. Sensor unit 50 is attached to direct hght 
5 substantially perpendicular to substrate 3 located in the proximity of a gate 
opening (referred to as "gate valve" hereinafter) of the giowth apparatus. 
The distance of at least 10 mm is required between substrate 3 and sensor 
unit 50 so that they will not contact each other during the movement of 
substrate 3 or during maintenance. However, the distance therebetween 

10 is preferably not more than approximately 100 mm to several 10 mm to 
maintEiin the measurement accuracy. 

The film giowth apparatus is, for example, a CVD (Chemical Vapor 
Deposition) apparatus that giows films in the unit of a plurality of films 
and placing the plurahty of substrates with the giown film in respective 

15 trays. The plurahty of substrates are stored in a load rock 14 provided in 
gate valve 13 of the unload chamber shown in Fig. 20B. A substrate 
transportation robot 11 takes out the substrate one by one from load rock 
14 and places the substrate 3 on a robot hand 12. Robot 11 is moved so 
that substrate 3 is located right below sensor unit 50. When there are a 

20 plurahty of measurement points in one substrate 3, robot 1 repeats 

movement of substrate 3 every time measurement of one measurement 
point ends so that the next measurement point is located right below sensor 
unit 50. Sensor unit 50 carries out thickness measurement of each 
measurement point every time substrate 3 is moved. The configuration of 

25 robot hand 12 is shown in Fig. 13C. Substrate 3 is often supported taking 
the shape of an inverted block upper case C-type symbol. Substrate 3 will 
droop by its own weight as a function of distance from the supported point. 
Substrate 3 may be sHghtly offset from the relative position by 
approximately several mm. Therefore, the thickness measurement 

30 apparatus must maintain the measurement accuracy with respect to such 
deviation and inclination. 

The structure of sensor unit 50 will be described in detail hereinafter. 
Optical fiber 42B and optical fiber 42 C described previously with reference 
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to Figs. 16 and 17 are provided at the leading end of sensor unit 50. 

Although optical fiber 42B includes optical fibers 42BA and 42BB 
described above, optical fiber 42BA of Fig. 21 is formed of six optical fibers, 
arranged around optical fiber 42BB. Optical fiber 42BB and the six 
optical fibers 42BA have the same diameter. By this structure, optical 
fibers 42BB and 42BA can be set parallel to each other by arranging six 
optical fibers 42BA around optical fiber 42BB and fixing the optical fibers 
with jigs, as shown in Fig. 22. Therefore, assembly of optical fiber 42B is 
facilitated; Reflected light of light directed by any of the six optical fibers 
42BA is received by optical fiber 42BB even if substrate 3 is inchned at the 
time of measuring the film thickness. Therefore, thin film thickness can 
be measured impervious to the incHnation of substrate 3. 

Optical fiber 42C is formed similar to that shown in Fig. 21. 

The effect of vertical variation, inchnation and oscillation of 
substrate 3 on measured values will be described with reference to Figs. 
14A, 23 and 24. It is assumed that the three layers of a GI layer, an i 
layer, and an n+ layer are formed on the substrate. As previously 
described in the first embodiment with reference to Fig. 14A, respective 
layers in the multi layer structure in which a GI layer, an i layer and n^ 
layer are deposited can be measured with almost no variation caused by the 
change of distance between sensor unit 10 and substrate 3. Although 
there is deviation of several mm in the distance between sensor unit 10 and 
substrate 3 by the warp of substrate 3, thin film thickness can be measured 
impervious thereto. 

Fig. 23 is a graph in which the incHnation angle of substrate 3 with 
respect to sensor unit 10 is plotted along the abscissa and the film 
thickness measured by the above-described film thickness measurement 
apparatus is plotted along the ordinate. When the inclination angle 
becomes 3-4*^ or more, the reflected light received becomes less than 50% 
that of the case where the incHnation angle is 0°. However, it is 
appreciated from Fig. 13 that thin film thickness can be measured at a 
relatively high accuracy as long as the incHnation of substrate 3 is not more 
than 8^ (preferably, incHnation of not more than 2*^) in the multi layered 
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structure in which the GI layer, i layer and n+ layer are stacked. 

Fig. 24 represents a gi'aph indicating the influence of vertical 
oscillation of substrate 3. The intensity of the reflected light is measured 
for every 10 seconds under the condition of a vertical amplitude of 4 mm 
and frequency of 5Hz. The time of measurement is plotted along the 
abscissa and the reflectance intensity of the reflected hght measured by the 
film thickness measurement apparatus is plotted along the ordinate. It is 
appreciated from Fig. 24 that the reflectance intensity is stable even when 
oscillation is imposed. 

The thickness is measured of each layer of the three layered 
structure in which a GI layer, i layer and n+ layer are deposited so as to 
cover a reflective film of tantalum (Ta) as shown in Fig. 25. Film 
thickness measurement is carried out on the assumption that all the layers 
under the target layer is of a glass substrate. Fig. 26 shows the film 
thickness of the GI layer, i layer and n^ layer in the region where there is 
no reflective film, inside the display portion of the liquid crystal display in 
which a reflective film is present approximately 10%, and around the 
display portion of the liquid crystal display in which a reflective film is 
present approximately 50%. The variation in the GI layer, i layer and n^ 
layer is approximately ±2.5%, ±1.3% and ± 1.0%, respectively. 
Therefore, the measurement result of the film thickness of each layer is 
stable. This is because influence of hght refraction is reduced by directing 
hght substantially perpendicular to substrate 3, whereby the effect of the 
direction of hght reflectance altered at the edge of the reflective film is 
reduced. 

The amount of Hght and wavelength distribution changes over time 
for the halogen lamp employed as hght source 41 in obtaining the thickness 
of the thin film. Therefore, it is preferable to correct respective parameters 
by obtaining the spectrum of hght emitted from hght source 41 peiiodically 
using a total reflection substrate (such as a metal coat substrate) in 
obtaining reflected hght intensity R. 

As shown in Fig. 27, optical fiber 42B can be configured of six optical 
fibers 42BB arranged around an optical fiber 42BA having the same 
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diameter. This structure provides the advantage that assembly of optical 
fiber 42B is facilitated. Reflected light of the light directed by optical fiber 
42BA can be received at any of the six optical fibers 42BA even if substrate 
3 is inclined when the film thickness is to be measured. Accordingly, thin 
film thickness measurement can be carried out impervious to incHnation of 
substrate 3. Optical fiber 42C can have a similar structure. 

Two optical fibers 42B and 42 C are provided at the leading end of 
sensor unit 50. However, three or more optical fibers can be provided 
instead. Thin film thickness measurement is carried out at a plurality of 
measurement points by moving substrate 3 through robot 11. Thin film 
thickness measurement of a plurality of measurement points can be carried 
out by moving sensor unit 50 instead. 

According to the thin film thickness measurement apparatus of the 
present invention, the structure of sensor unit 50 is extremely simple. 
Therefore, down-sizing is allowed. 

In analyzing film thickness measurement, analysis can be carried 
out exclusively by the wavelength-hght intensity curve. Accordingly, the 
thin film can be measured in a short time even for a multilayered film and 
in the case of multi-site measurement. 

Introduction of the film thickness measurement apparatus into the 
fabrication fine is facilitated due to its compact size. The film thickness 
can be measured immediately after film giowth since measurement is 
allowed in a short period of time. Therefore, the time lag from the 
generation of a defect during fabrication and up to detection thereof can be 
shortened to minimize the damage caused by defect generation. 

By saving the film thickness data and analyzing the data, the 
lifetime of the film giowth apparatus and film growth material, appropriate 
time for maintenance of the film growth apparatus, and the time to modify 
the film growth conditions and the like, can be predicted. Therefore, 
unexpected maintenance can be avoided to allow stable operation of the 
film growth apparatus. 

Third Embodiment 

Referring to Fig. 28, a thin film thickness measurement apparatus 
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according to the third embodiment of the present invention includes a light 
source 51, a spectroscope 5, a plurality of sensor units 50 located opposite to 
substrate 3, a sensor unit 59 located opposite to cahbration material 60 on a 
plate 58, a sensor unit 61 located opposite to a mirror 62 on plate 58, a 
sensor unit 69 located opposite to reflective material 68 on plate 58, a 
plurality of couplers 63 connected to the light receiving units of sensor 
units 50, 59, 61 and 69 via an optical fiber 64, a coupler 65 connected to 
spectroscope 5 via optical fiber 64, and connected to any of the plurality of 
couplers 63 to guide the hght received at any of sensor units 50, 59, 61 and 
69 to spectroscope 5, and a computer (not shown) connected to spectroscope 
5 to analyze the light intensity for each wavelength to calculate the thin 
film thickness. 

Calibration material 60 includes material that is subjected to mirror- 
pohsh and that has a known refractive index such as a sihcon w£ifer. 
Mirror 62 is provided in a slanting manner to reflect the light emitted from 
sensor unit 61 outside sensor unit 61. Reflective material 68 corresponds 
to a total reflection substrate (such as a metal coat substrate). 

Couplers 63 and 65 are connected to each other to function as a 
connector that connects optical fibers 64 with each to prevent Ught leakage. 
Referring to Fig. 29, a collective lens 66 are incorporated in couplers 63 and 
65 to improve the hght usage efficiency. 

The computer computes the thin film thickness according to a 
method similar to that of computer 6 described with reference to the second 
embodiment. Therefore, details thereof will not be repeated. 
Spectroscope 5 is similar to that of the second embodiment. Therefore, 
details thereof will also not be repeated. Sensor units 50, 59, 61 and 69 
have a structure similar to that of sensor unit 50 of the second embodiment. 
Therefore, details thereof will not be repeated. The details of optical 
source 51 will be described afterwards. 

Measurement of the thickness of an ITO film which is a transparent 
conductive film having a thickness of not more than 100 nm (=1000 A) will 
be described in the present embodiment. The ITO film generally employed 
in a liquid crystal display device is used as a pixel electrode. Fig. 30 shows 
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a sectional view of the structure of the pixel portion of the transparent type 
liquid crystal display device. In such a structure, the property of the thin 
ITO film cannot be easily represented as the distribution of reflected light 
intensity. Therefore, it is difficult to measure the thickness of the ITO film 
by the evaluation method shown in the second embodiment. 

Many Hquid crystal display devices have a reflective film such as of 
Ta formed under the ITO film at the terminal unit that has a driver and 
the like mounted. The presence of a reflective film such of Ta as the 
underlying layer provides the advantage that distribution of reflected Ught 
intensity is stabiHzed to allow measurement of high accuracy at that region. 

Fig. 31 shows the result of measuring the thickness of an ITO film 
using a fight source 41 formed of a halogen lamp (wavelength range 
approximately 400 nm-approximately 850 nm) similar to that of the second 
embodiment. The set film thickness of the production condition is plotted 
along the abscissa and the measured result by the film thickness 
measurement apparatus is plotted along the ordinate. The measured 
value of the film thickness is stable when the thickness of the thin film is 

o 

60 nm (= 600 A). However, variation in the measured value is great when 
the thickness of the ITO film is not 60 nm. It is therefore difficult to detect 
abnormal film thickness. 

Alternatively, the film thickness of an ITO film is measured using a 
halogen lamp and a deuterium lamp placed in the same fight source 
chamber as fight source 51 instead of fight source 41, turned on at the same 
time (wavelength range approximately 220 nm-approximately 850 nm). 
Fig, 32 is a graph showing results thereof. It is appreciated from the 
graph of Fig. 32 that variation in the measured value is small in all the 
film thickness and that there is high correlation between the set film 
thickness under the production condition and the measured value. It is to 
be noted that there is a sfight deviation between the set value of the film 
thickness and the measured value of the film thickness. This is attributed 
to a constant absorption coefficient k(p) set for each wavelength for the 
purpose of increasing the calculation speed. Therefore, if the relationship 
between the set value and the measured value of the film thickness is 
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known in advance, accurate film thickness measurement is allowed by 
correcting the measured value of the film thickness. However, when 
abnormal film thickness is to be detected with the film thickness 
measurement apparatus employed in-hne, only change over time of the film 
5 thickness at the measurement point is to be identified. The measured 
value correction is not required in such a case. 

The computer cahbrates various parameters and also detects 
reduction in the amount of light of Hght source 51 using sensor units 59, 61 
and 69 when thin film thickness measurement is not carried out. When 

10 calibration is to be carried out using sensor unit 59, coupler 65 is connected 
to coupler 63 to which sensor unit 59 is connected. Light of a certain 
wavelength is emitted on calibration material 60. The light reflected from 
calibration material 60 is received by sensor unit 59. The computer 
calibrates various parameters by normalizing the dispersion the intensity 

15 of the received Ught. 

When calibration is to be carried out using sensor unit 61, the 
computer identifies the intensity of the disturbance light received at sensor 
unit 61 to calibrate various parameters so that influence of the disturbance 
hght is eliminated. 

20 When reduction of the light amount is to be detected using sensor 

unit 69, the computer monitors the intensity of light received at sensor unit 
69. When the fight intensity becomes lower than a predetermined value 
(for example, below 70% the initial intensity), reduction in the Hght amount 
of hght source 51 is notified through a monitor (not shown) or the like. 

25 Reduction in the hght amount of hght source 51 can be detected using 

sensor unit 59 and cahbration material 60 without the provision of sensor 
unit 69 and reflective material 68. 

According to the thickness measurement apparatus of the present 
embodiment, film thickness measurement is carried out with respect to 

30 Ught in the wavelength range of approximately 220 nm-approximately 850 
nm by using a hght source 51 having a halogen lamp and a deuterium lamp 
turned on at the same time. In general, measurement must be carried out 
using hght of a short wavelength in measuring the thickness of a thin film. 
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By turning on a deuterium lamp at the same time, the thickness of the ITO 
film can be measured correctly than the case where only a halogen lamp is 
used. 

Variation in the film thickness within the substrate is great when 
the substrate is of large size such as that employed in a Uquid crystal 
display device. There is a possibility of local abnormal film growth due to 
abnormal discharge during film giowth. By providing a plurality of sensor 
units, thickness measurement of a plurality of sites can be carried out 
simultaneously. Therefore, local film thickness error can be detected 
without degrading the production rate. 

The light guided to the spectroscope is switched using a coupler. 
Therefore, light leakage is prevented to improve hght usage efficiency in 
comparison to the case where a hght restriction shutter is used. 
Accordingly, the accuracy of thin film thickness measurement can be 
improved. 

Light leakage can further be prevented by the collective lens 
incorporated in the coupler. As a result, hght usage efficiency is improved. 

Various parameters are calibrated using the calibration material and 
mirror. Therefore, the thickness of a thin film can be measured while 
calibrating the parameter even during fabrication of a liquid crystal display 
device. Therefore, accuracy of thin film thickness measurement can be 
improved. 

Reduction in the Hght amount of the hght source is sensed using 
reflective material. Therefore, the lifetime of the light source can be 
identified in advance so that the hght source can be exchanged prior to 
decay thereof. The operating efficiency of the thin film thickness 
measurement apparatus can be improved since replacement of the hght 
source can be carried out during film growth or when the fabrication fine is 
stopped. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being hmited only by the terms of the 
appended claims. 
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